Purpose: Synthetic bone products such as biphasic calcium phosphate (BCP) are mixtures of hydroxyapatite (HA) and β -tricalcium phosphate (β -TCP). In periodontal therapies and implant treatments, BCP provides to be a good bone reconstructive material since it has a similar chemical composition to biological bone apatites. The purpose of this study was to compare bone regeneration capacity of two commercially available BCP. Methods: Calvarial defects were prepared in sixteen 9-20 months old New Zealand White male rabbits. BCP with HA and β -TCP (70:30) and BCP with Silicon-substituted hydroxyapatite (Si-HA) and β-TCP (60:40) particles were filled in each defect. Control defects were filled with only blood clots. Animals were sacrificed at 4 and 8 week postoperatively. Histomorphometric analysis was performed. Results: BCP with HAand β -TCP 8 weeks group and BCP with Si-HA and β -TCP 4 and 8 weeks groups showed statistically significant in crease (P <0.05) in augmented area than control group. Newly formed bone area after 4 and 8 weeks was similar among all the groups. Residual materials were slightly more evident in BCP with HA and β -TCP 8 weeks group. 
INTRODUCTION
With the development of implantology, installation of dental implants and rehabilitation in severely atrophic bone area became more routine procedures at dental clinics. However,the need for enough bone support and sufficient bone architecture still exists in most of clinical cases. Among the available materials used for bone reconstruction, autogenous bone is currently the gold-standard because it is a source of osseous matrix, cells, and growth modulating molecules 1) . However, the use of autogenous bone is limited by donor site morbidity, the quantity of donor bone, frequent infections and unpredictable resorption that may compromise aesthetics and function. To . As a consequence, synthetic products as the biphasic calcium phosphate (BCP) which is a mixture of hydroxyapatite (HA) and β-tricalcium phosphate (β-TCP) were introduced [4] [5] [6] [7] . Previous reports have shown that HA particles did not elicit an inflammatory response and they provided a good scaffold for the new bone to grow in. However, Bone regeneration capacity of two different macroporous biphasic calcium materials in rabbit calvarial defect 
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HA particles failed to show evidence of new periodontal tissue attachment, osteogenesis, or cementogenesis in the treatment of periodontal osseous defects [8] [9] [10] . It was rather suspected that the material produced a response like a well-tolerated foreign body within the host connective tissue. On the contrary, β -TCP was reported to resorb unpredictably in biologic fields and not to provide a predictable scaffold for new bone to grow in [11] [12] [13] . However the combination of HA and β-TCP and the development of two-phased calcium phosphate or biphasic calcium phosphate ceramic made it possible to control the resorbability of the material and at the same time maintain its osteoconductive property 14) . In many cases of bone grafts in implant surgeries, BCP provides good bone reconstruction since it has similar chemical composition to biological bone apatites. Also it has been proved of its efficacy as a bone substitute material in many human clinical applications 3, 15, 16) . There has been lots of trials to find ideal combination of HA/β-TCP ratio to maximize bone regeneration capacity. Early studies have shown that approximately 60% of HA and 40% of β-TCP seemed to provide a reasonable bone conductive property 3, 10, 14, 17) . However the optimal ratio is still not .
The presence of silicon in HA is knownto play an important part on the formation of bone 19) . 
Histological preparation
The experimental specimens were obtained by using number 702 bur under physiological saline irrigation.
The specimens were fixed in 10% formaldehyde solution for 10 days and they were processed to the routine procedures of slide preparation with 8 µm sections stained with Haematoxylin-Eosin (H-E) to be analyzed under an optical microscope (Olympus BX50, Olympus Optical Co., Tokyo, Japan).
Statistical analysis
Numerical data was presented as mean plus one standard deviation. One way analysis of variance (ANOVA) with Holm-Sidak method was used for multiple comparisons to compare with the control. The probability level of P < 0.05 was regarded as statistically significant.
RESULTS

Histological observation
All treatment and control sites healed uneventfully with no clinical evidence of inflammatory response to the graft material. Also the distribution of residual graft materials was homogeneous on the surface of the bone defect, regardless of group (Osteon, Bonemedik-DM).
For the control group, the perforated areas were filled with loose fibrous tissue and a few newly formed bone was observed. A slight decrease in bone ingrowth towards the center of the defect could be observed compared to test groups (Fig. 2, 3 ).
For the Osteon group, lamellar bone was apposed in close contact at the surface of the granules and consequent bone ingrowth was observed in both 4 and 8
weeks. However, relatively large particles of Osteon ◯ R were evident in 4 weeks which were in the middle of resorption and substitution into new bone. On the contrary, particle size and total area were reduced in 8 weeks. Also the density of newly formed bone was higher compared to 4 week. Fibrous tissues were still observed between the granules (Fig. 4, 5 ).
For the Bonemedik-DM group, particles were incorporated in mature new bone and were resorbed during the remodeling process in 4 weeks. The individual particles were clearly identifiable and they were surrounded by varying amounts of newly formed bone without being encapsulated by loose fibrous connective tissues. The amount of bone ingrowth was greater than for the Osteon group. Small particles surrounded by new bone were present between the larger ones (Fig. 6, 7) . 
Histomorphometric analysis
Bone substitutes are recognized through bone growth from the host bone to the graft, and pro- (Table 1 , Fig. 2, 3 ).
These results were statistically significant (P < 0.05).
Bone area at 4 week was slightly higher in Bonemedick-DM group which means early bone ingrowth. On the contrary, Osteon group showed more bone area than Bonemedik-DM group. Residual materials were decreased in both Osteon and Bonemedik-DM groups with no statistical significance. Soft tissue area was dominantly wider in Bonemedik-DM groups regardless of weeks. In grafted groups, total amount of bone formation and residual materials exceed or is equal to control groups.
DISCUSSION
In the scope of bone regeneration, the augmentation of bone defects using autogenous bone to be the gold A B Figure 6 . Light micrographs of Bonemedik-DM at 4 weeks postoperatively. Active resorption process is observed ×16 (A), ×200 (B).
A B Figure 7 . Light micrographs of Bonemedik-DM at 8 weeks postoperatively. Mature bone tissue is apposed interspace of residual materials ×16 (A), ×200 (B). . Kwon et al 27) reported that biphasic HA/β -TCP composite powders showed average solubility between HA and β -TCP and concluded that the dissolution rate of the calcium phosphate powders was strongly dependent on the β -TCP content. It is well known that early resorption of materials cannot maintain appropriatespace to regenerate bone tissue.
On the other hand, the delayed resorption of materials inhibits new bone formation. Therefore, appropriate timing of dissolution of BCP and choosing right ratio of HA/β-TCP is crucial to maximize bone regeneration.
Gauthier et al 28) used 60 % of HA and 40% of β -TCP in extraction sockets in canine models to report that well formed cortical bone over the materials was present and it inhibited the resorption of alveolar bone after 3 months. Nery et al 14) used different ratio of HA/β -TCP in canine models to prove that higher HA ratio showed accelerated new bone formation and new attachment levels. of β-TCP which were proven in vitro 29) and in vivo 12, 30) . Therefore the bone quality might be influenced inferiorly by remaining particles. However, these residual materials may stay long enough for cell differentiation, maturation, and revascularization 31) .
Longer period of observation would be required to fully evaluate these results.
The results from this study confirm the resorbability on time of Osteon ◯ R and Bonemedik-DM ◯ R andthe scaffold effect of the HA content and high osteoconduction property. These two crucial properties involved a balance of resorption and bone ingrowth at the expense of the micro-macropours bioceramics.
Although this study showed that the amount of bone regeneration of control sites was higher than graft sites, the BCP grafts also showed reasonable bone ingrowth and can be a good candidate to replace natural bone regeneration and to maintain space for longer period of time. Despite the limitation of this study because of small sample size, we could conclude that the higher portion of HA particles produced longer resorption period and maintained better bone structure. Also, graft of Osteon ◯ R and Bonemedik-DM ◯ R in the rabbit calvarial defects model was shown to be potentially beneficial at early bone healing.
